Abstract Quality improvement of cereal brans, a health promoting ingredient for functional foods is the emerging research concept due to their low shelf stability and presence of non-nutrient components. A study was conducted to evaluate the storage quality of processed milling industry byproducts so that these can be potentially utilized as a dietary fibre source. Different cereal brans (wheat, rice, barley and oat) were processed by dry, wet, microwave heating, extrusion cooking and chemical methods at variable conditions. Processed brans were stored in high density polyethylene (HDPE) pouches at ambient and refrigeration temperature. Quality assessments (moisture, free fatty acids, water activity and physical quality) of brans were done up to six months, at one month intervals. Free fatty acid content, moisture and water activity of the cereal brans remained stable during the entire storage period. Among treatments, extrusion processing is the most effective for stability. Processing treatments and storage temperature have the positive effect on extending the shelf life of all cereal brans. Therefore, processed cereal brans can be used as a dietary fortificant for the development of value added food products.
Introduction
Dietary fiber is well recognized as one of the important dietary substances needed for a good health (Lee et al. 2004) . Dietary fiber is an important constituent due to its functional properties. It can be used in the formulations of foods, resulting in texture modification and enhancement of food stability during production and storage. The hydration properties of dietary fiber which determine its optimum level of use in foods are particularly important because they play a role in retaining a desirable texture (Thebaudin et al. 1997 ). The term "bran" is applied to a range of products derived from cereal grains and usually is related to the outer layers of the grain (Lebesi and Tzia 2011) . Most cereal bran products are characterized by high levels of insoluble fiber, ash, vitamins, lipids, and pigments. Brans are generally composed mainly of insoluble cellulose and hemicelluloses, with only about 5% soluble fibre and have little hypercholesterolemia effect (Kay and Truswell 1980) . Bran contributes a pleasing sweet, nutty flavour when added as a flavour enhancer in baked products and pasta. Rice bran is rich in protein, lipids, fiber, minerals (Mg, K, Fe and Mn), B-vitamins, and an excellent source of choline and inositol (Hoffpauer et al. 2005 ). Barley contains a high level of soluble dietary fibre, making it a desirable food component for health benefits.
A major obstacle in using brans is that it rapidly deteriorates, thus it is necessary to find a good method for preventing the rapid deterioration of brans and to ensure quality material for further processing. Rice bran must be stabilized immediately after milling, by minimizing its free fatty acids (FFA) content to extend the shelf life. It can be done by inactivating lipase and peroxidase enzymes using different heat treatment. Depending on the type of heat treatment, the lipase may be either reversibly inhibited or permanently denatured. The most effective classical methods include, dry heat, moist heat, moist heat stabilization. Other methods include the use of chemicals, such as hydrochloric acid, acetic acid, calcium hydroxide and stabilization by microwave and extrusion. The best stabilization method of rice bran at commercial level is heat treatment at 60°C for 15 min (Malekian et al. 2000) .
Most of the processes involve dry or moist heat treatment. The use of microwave energy is an important new means of heating and is forecast to be used to a greater extent in the future. Microwave heating is efficient, economically superior, and shorter in processing time and has little effect on the original color of the brans. It has little effect on nutritional quality (proximate analysis) and functional property (water and fat absorption capacity, emulsification and foaming) of rice bran (Malekian et al. 2000) .
Considering the nutritional and food potential and associated health benefits of brans the primary goal of this investigation was to determine effective methods to minimize the rancidity of brans during storage, by using different heat treatment.
Materials and Methods
Raw materials Wheat bran was collected from Ludhiana Flour Mill, Ludhiana, India. Rice bran was purchased from 'Ricela Health Foods Ltd'., Dhuri, Punjab, India. Barley was purchased from the local market and its bran was prepared by milling of barley in a grain pearler (Central Institute of Agricultural Engineering (CIAE), Bhopal, India). Oat bran (Baggry's India Ltd., New Delhi, India)
Physico-chemical composition of raw materials Approved methods (AACC 2000) were used to determine ash (method 08-01) and protein (N X 5.7) for durum wheat semolina (N X 6.25) (method 46-10.01) of the cereal brans. Fat content was determined using a 16-hr soxhlet extraction with petroleum ether (AACC 2000) . Dietary fiber {acid detergent fiber (ADF), neutral detergent fiber (NDF), Cellulose and Lignins} were estimated by extracting with neutral detergent solution as described by Robertson and Van Soest (1981) . The crude fiber of the raw materials was estimated using a Fibertec (FOSS). Per cent carbohydrates were determined as (100-per cent estimated proximate components).
Functional characteristics
The bulk density of the cereal brans was determined by the method of Egan et al. (1981) . Water absorption capacities of cereal brans were measured by the method reported by Sosulski (1962) . Two grammes of the a cereal bran was dispersed in 20 ml of water in a 50 ml centrifuge tube and the mixture allowed to stand for 15 min at 25°C and then centrifuge at 3200 rpm for 15 min. The amount of water retained by the solids was measured. The fat absorption of cereal brans was estimated by mixing 2 g sample with 20 ml refined oil allowing the mixture to stand for 15 min at room temperature and then centrifuging at 3200 rpm for 15 min. The fat retained by the solids was measured by the method of Lin et al. (1974) . Color analysis was done using a Hunter Lab Colorimeter, MiniScan XE Plus (Hunter Lab, Reston, Virginia). Color readings were expressed as Hunter values for L, a, and b. L values measure black to white (0-100); + a = red, -a = green; + b = yellow; -b = blue. L, a and b color difference was expressed as a single value, ΔE. the larger the ΔE value, larger the color difference.
Storage studies Treatments were done after conducting extensive trials. The treatments was used [wet heating at 115°C for 10 and 15 min., dry heating at 110°C for 25 min., microwave heating at 2450 MHz for 2.5 min., extrusion cooking at 140°C with 20% moisture content and chemical treatment (1% acetic acid solution @ 22%)]. These samples were further used for storage studies. Processed cereal brans were packed in heat sealed high density polyethylene packs [200 gauges (74 microns)] and stored at ambient temperature (30-35°C) and refrigeration conditions (5-8°C) for shelf life study. Subsequent quality analysis was as follows:
Moisture content Weighed samples (2 g) were dried in a hot air oven at 130±1°C for 1 hr. and moisture content in percent was calculated from loss of weight (AACC 2000) .
Free fatty acids Standard AOAC procedure (Anon 2001) was followed. Exactly 1 g ground sample was placed in flask. 50 ml benzene was added and then allowed to stand for 30 min. for extraction of free fatty acids. Exactly 1 ml extract was taken in flask to which 5 ml. benzene, 10 ml alcohol and phenolphthalein as indicator was added and titrated against 0.02 N KOH until a light pink color disappeared.
Water activity The water activity of enriched pasta was estimated using a water activity meter, which a HygroLab 3 bench-top indicator (Rotronic company, Model No: 60266709) .
Statistical analysis Experiments was carried out in triplicate and data was analyzed with the help of factorial designs (Singh et al. 1998) .
Results and discussion
Analysis of raw materials Proximate composition of the raw materials used is presented in Table 1 . The protein content of cereal brans ranged from 9.6-15.0 %. Rice and barley brans had 11.9 and 11.9% protein respectively. The lipid content was highest in rice bran and it ranged from 4.1-19.3%. Rice bran is a concentrated source of dietary fibre (38.9%) among all cereal brans. Barley bran had the highest value of crude fibre (14.9%). The highest ash content (6.72%) was observed in rice bran. Similar results have been reported by Khan et al. (2009) for defatted rice bran samples on dry weight basis.
Functional characteristics
The functional characteristics of cereal brans are summarized in Table 2 . Bulk density of brans ranged between 0.25 g/ml to 0.59 g/ml. Significant variability was observed with respect to water absorption of cereal brans. Water absorption of brans varied from 148.4 to 383.7%. Wheat bran had the highest water absorption (383.7 g/100 g). Among the type of brans, wheat bran exhibited a different pattern for water and fat absorption. James and Sloan (1984) reported that the water absorption of edible stabilized rice bran was in the range of 182.2-213.1%. The variation in water absorption may be attributed to the source of bran and their processing conditions (Sharma et al. 2004 ). The hydrophobic nature of fat might have contributed to the reduced water absorption of full-fat brans, while the hydrophyllic nature of crude fibre might have contributed to the increased water absorption in the defatted bran samples (Sekhon et al. 1997) . A similar pattern was observed for fat absorption of different cereal brans.
Lightness values (Hunter L values) for wheat, rice, barley and oat brans were 58.9, 59.0, 57.2 and 52.8 respectively. Barley bran had more redness followed by oat bran, wheat bran and rice bran. The b* values (yellowness) was highest in wheat bran (15.8) and lowest in barley bran (14.8). Similar trend in color were reported by Fernandez-Artigas et al. (1999) in different cereal flours. Maximum value of ΔE (61.09) was observed in wheat bran and minimum value of ΔE (55.11) was recorded in oat bran.
Significant variation was noticed in water activity content. Water activity ranged from 0.48-0.82 for all cereal brans. The extent of free fatty acids in different cereal brans varied significantly (5.2-13.7%). The rice bran exhibited significantly higher values for free fatty acids as compared to other brans. This has been attributed to the presence of active inherent lipase system of rice bran, which hydrolyses the oil to free fatty acids and glycerol and renders bran unfit for oil extraction and human consumption (James and Sloan 1984) . Figure 1(a) shows the effect of storage period and temperature on the moisture content of cereal brans. Moisture content significantly increased during storage period. Brans subjected to different dry processing treatments were found to vary significantly in the moisture content and the mean values of moisture content recorded were 5. 54, 7.80, 8.35, 9 .12 and 9.25 for dry, microwave, chemical, wet and extrusion treatment, respectively. However, as depicted in Fig. 1(a) temperature was found to have a pronounced effect on the moisture content. The mean moisture content for ambient stored brans were 8.19% while in the case of bran stored under refrigeration conditions the mean moisture content was 7.83%.
Moisture content
Storage period had significant impact on the moisture content. The means moisture at the beginning of storage was 7.42%, which increased significantly to 8.36% after six month of storage. The above observations indicated that on the average, there was a moisture gain of 12.51% during six months of progressive storage of brans. Moisture gain during storage is due to hygroscopic properties of brans. The brans packed in HDPE at refrigeration storage recorded lesser moisture uptake during storage than ambient stored brans which might have been due to low temperature conditions. According to Sharma et al. (2004) , bran may absorb some moisture during storage, thereby favoring lipolytic activity. Talab et al. (2002) reported that heat treatment, time and temperature method of packaging and storage had significant effect on the bran moisture content. Priyankara and Weerathilake (2009) reported that moisture content of rice bran during microwave heated Poly bag was 6.77%, which was more as compared to microwave heated-vaccum packed rice bran (4.45%). Butt et al. (2009) reported that increase in moisture content of flour was observed during a storage period of 45 days due to high relative humidity and hygroscopic properties of flour. The results as explained above suggest that refrigeration storage is better suited for storage of brans so as to minimize the moisture gain during storage. The interaction of temperature and storage was observed to be significant (p≤0.05) for the moisture content of brans.
Free fatty acids The effect of treatment, temperature and length of storage significantly affected the free fatty acid content of the brans (Fig. 1(b) ). Different processing treatments (dry, wet, microwave, extrusion and chemical) were found to have a significant effect on the free fatty acid content of cereal brans. The mean free fatty acids (FFA) in the brans subjected to extrusion cooking, microwave heating, chemical treatment, wet and dry heating was 3.14, 3.76, 4.08 and 4.44 and 5.94%, respectively, representing the maximum effect of HTST on inactivation of enzyme.
Storage temperature was found to have a salient effect on the free fatty acid content of brans. Not much variation was observed in free fatty acid content of brans stored at ambient temperature as compared to refrigerated brans. The free fatty acid content (4.29%) of ambient stored brans was slightly higher as compared to the refrigerated stored brans (4.25%). Slight increase in per cent FFA was recorded with the lengthening of storage period. The mean free fatty acid content increased from 4.19% at zero days to 4.36% at the end of six months.
Again it is obvious from Fig. 1 (b) that the temperature and treatment individually had a significant effect on the FFA content of brans.
Similar results were reported by Barber and Benedito-de (1980) , Sayre et al. (1982) and Randall et al. (1985) . According to Sharma et al. (2004) stabilization methods and storage period significantly affected the rate of production of free fatty acids. The dry heat method of stabilization restricted the development of FFA up to 30 days of storage and therefore a significant increase was observed. This increase in the FFA content of bran may be attributed to the presence of residual lipolytic activity of enzyme lipase, which increased under favorable conditions during storage. Malekian et al. (1999) showed that the FFA content in untreated bran stored in Ziploc bags at 4°C for six weeks stored under identical conditions. According to Lakkakula et al. (2004) microwave oven which was preheated for 3 min prior to loading the rice bran (21% moisture content) obtained an increased in FFA during six week storage at 25°C. During extrusion stabilization, the free fatty acid content of rice bran did not increase significantly even at 60 days of storage, indicating that the extrusion processing of rice bran was more effective in destroying the lipolytic system of bran than the dry heat method (Sharma et al. 2004) . The capability of the extruder to inactivate inactivating the fat hydrolyzing enzymes of rice bran has also been reported earlier by Randall et al. (1985) and Martin et al. (1993) . There was no significant increase in free fatty acid content of chemically treated bran during the entire storage. Prabhakar and Venkatesh (1986) reported similar results working with acid treated brans. According to Kaur et al. (2011) free fatty acids (%) for enriched pasta increased with storage period, but the values remained in the acceptable range because of which, the taste, flavour and acceptability of pasta was not much affected. Rice bran enriched pasta supplemented at 15 per cent level had maximum values of free fatty acids (%).This may be contributed to the fact that rice bran contained maximum amount of fat per centage than other cereal brans.
Water activity Figure 1(c) shows the effect of storage, time, temperature, storage period on the water activity of cereal brans. The processing treatments manifested an inconsequential effect on the water activity of the cereal brans. However, storage temperature substantially affected the water activity of cereal brans. The mean water activity observed for brans stored at refrigeration storage was 0.461. This was significantly lower than the water activity of brans stored at ambient storage. The water activity followed the same trend as that of moisture content during the entire storage period. Similarly, during storage a sequential increase in the mean water activity was from initial 0.422 to 0.505 after six months of storage. The increase in water activity perceived during storage is explainable by the increase in moisture content as the storage period progressed. Manthey et al. (2008) reported that during storage, water activity was similar for both traditional pasta and pasta containing Flaxseed flour. 
Conclusion
The treatments (heat and chemical) resulted in shelf life extension. The improvement in shelf life during storage was higher for brans stabilized by extrusion technology. Temperature has significant effect on controlling rancidity level of brans during storage. Stabilized brans have excellent keeping quality if stored under proper conditions. Selection of suitable treatment and careful storage of brans would minimize problems of rancidity.
